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Abstract 
This paper presents several versions of the calibration and monitoring system for the scintillator tile hadron 
calorimeter for the ILC. The first Calibration and Monitoring Board (CMB) is used to calibrate all 7608 SiPMs of a 
1 m3 hadron calorimeter prototype. Each CMB has 12 LEDs and each LED illuminates 18 tiles with SiPMs through 
18 optical fibers. The pulse is 10 ns wide and delivers a signal equivalent to 70 MIPs to each SiPM. The new 
AHCAL engineering prototype offers both embedded LED driver (1 LED per 1 tile) and an external calibration board 
(1 LED per many tiles, up to 72). The embedded LED driver circuit was tuned for shorter pulses and produce nice 
single photo-electron spectrum and can also saturate the SiPM. A newer version of external calibrating system uses 
sinusoidal signal generated by a Quasi-Resonant LED driver. The system generates ~3.5 ns optical pulse with high 
intensity (0.4 nJ) and low EM noise. The QRLED driver with a special notched optical fibre can saturate 12 SiPMs at 
once with a signal up to 200 MIPs per tile. Next version will be improved to generate longer pulses (~5ns), therefore 
a higher light intensity. Our development includes an optical distribution through a notched fibre, which shines 
equally from 12, 24 or 72 points. The light in the final AHCAL prototype will be routed from single LED by 3 fibers 
having 24 notches each, illuminating row of 72 tiles at once. 
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1. Introduction 
The CALICE collaboration [1] is developing a hadronic calorimeter (HCAL) with very high 
granularity for a future International Linear Collider (ILC). The collaboration built 1 m3 physics prototype 
in 2005-6 [2]  and currently CALICE is building an engineering prototype [3]. 
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The HCAL readout chain of these prototypes contains scintillator tiles with embedded wavelength-
shifting fibres and small SiPM (Silicon Photo Multiplier) photo-detectors. The electrical signal is adjusted 
by a preamplifier and a shaper and digitized by a 16-bit ADC.  
The variation of characteristics of the complete chain (gain, saturation) depends mainly on changes of 
the temperature and operation voltage of the SiPM. For the correct offline reconstruction of the energy 
deposition, the calibration runs have to be included into the data-taking process, since the condition inside 
the detector can change. 
The HCAL prototypes will be shortly described in section 1.1 and 1.2. The calibration systems for 
these prototypes will be described in section 2 – 4 with impact on the electronic principles of operation, 
together with a performance results. The section 5 will describe a solution for multi-tiles-illumination by 
a single optical fibre. Section 6 gives insight into the ongoing development.  
1.1. AHCAL physics prototype 
The AHCAL (Analogue Hadron CALorimeter) 1 m3 physics prototype with 7608 active readout 
channels [2] was built in 2005-6 in DESY. Since the construction, it has been in test beams at the CERN 
SPS in 2006 and 2007. Beam tests (Fig. 1a) at Fermilab followed in years 2008 and 2009 and now the 
physics prototype continues to run with tungsten absorber at the CERN PS in 2010 and at the SPS in 
2011.  
The physics prototype was made of 38 layers with scintillator tiles, interlaced with 16 mm Fe absorber 
plates. The dimension of one layer is 90u90 cm2 and it contains scintillator tiles with different granularity 
(Fig. 1b): 20pcs of 12u12 cm2 tiles, 96pcs of 6u6 cm2 tiles and first 30 layers have 100pcs of 3u3 cm2 
tiles in the middle. Last 8 layers have 6u6 cm2 tiles in the middle instead. The active element of the 
readout is a SiPM with 1156 pixels. The AHCAL analogue board carries 1 ASIC with 18 SiPM channels. 
The second board, called base board carries up to 6 HABs. It contains control and configuration 
electronics and provides correct voltage for each SiPM. For the calibration a board called CMB is used. 
  
   
Fig. 1. (a) configuration of the ECAL, HCAL and TCMT in testbeam; (b) layout of the scintillator tiles inside the cassette. 
1.2. AHCAl engineering prototype 
The basic electronics structural element of the AHCAL engineering prototype (Fig. 2a) is the HCAL 
base unit (HBU). The engineering prototype was built to demonstrate the feasibility of the electronics 
integration into the planned HCAL detector for ILC, implementing 3u3 cm2 scintillator tiles with SiPM 
readout element, embedded readout [4] and implementing a concept of power pulsing [5] 
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Figure 2 shows one half of the HCAL octagon. Each wedge consists of 48 layers. Each layer consists 
of absorber (16 mm Fe or 10 mm W) and active layer of 2-3 rows with 6 HBUs connected together in a 
cassette, which is 2.2 m long. 
The HBU unit (Fig. 2b) is 36u36 cm2 large board, which has 144 scintillator tiles with embedded 
SiPMs with 796 pixels on its back side. All 144 channels are read-out by 4 ASICs. Details on the HBU 
are described in [3]. 2 options of optical calibrations are proposed for the HBU: distributed SMD LEDs 
(section 3) and external LED driver and optical fibre distribution (sections 4 and 5) 
 
                 
Fig. 2. (a) wedge of the HCAL barrel (1/16 of the half-barrel); (b) HBU unit with 4 ASICs and 144 scintillator tiles on the back side 
1.3. SiPM and calibration 
SiPMs are photo detectors, that consist of hundreds (up to thousands) pixels, each working as an 
avalanche photodiode in Geiger mode. Each pixel is coupled by a resistor to a single output, creating an 
analogue signal with amplitude equivalent to the number of fired pixels.  
The light from the scintillator tile (fig. 3a, 3b) is collected by a wavelength-shifting fibre, that re-emits 
the light in green (where SiPM is most sensitive) and guides the light toward the active area of the SiPM 
(~1 mm2). The other end of the fibre has a mirror. 
 
                     
Fig. 3. (a) scintillator tile for Physics prototype; (b) scintillator tile for the HBU engineering prototype; (c) detail of the SiPM chip 
The gain of the SiPM varies as a result of the manufacturing process. The typical gain of the SiPM is ~ 
106 and is highly dependent on temperature (as shown on Fig. 4b) and bias voltage. The typical gain 
varies by -1.7 %/K and +2.5 %/0.1V. The temperature and voltage affects also the photodetection 
efficiency of SiPM, which results in a response variation of -4.5 %/K and +7 %/0.1V in total.   
The gain of the SiPM can be obtained from the Single Photoelectron Spectrum (SPS) as a distance 
among the peaks (Fig. 4a). Low intensity light flashes are required for this calibration measurement.  
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The SiPM needs additional correction for the saturation curve, as the number of fired pixels is 
approaching the total number of pixels. The saturation curve is also affected by the time structure of the 
photon shower, as the pixels can recover and fire again on the next photon, creating signal effectively 
higher than the total number of pixels in SiPM.  
 
  
Fig. 4. (a) gain extraction from the single photo-electron spectrum; (b) SiPM gain vs. temperature 
 
Fig. 5.  layout of the CMB board: 12 LEDs on the left side and 12 PIN-photodiodes on right side. 
2. CMB (Calibration and Monitoring Board) 
The CMB (Fig. 5) was developed by FZU and DESY for the CALICE HCAL 1 m3 physics prototype. 
It contains 12 UV LEDs, 12 feedback PIN-photodiodes and temperature readout. The CMB is directly 
connected to the detector layer. Each UV LED illuminates bundle of 19 optical fibers, which are routed to 
the tiles (1 fibre per 1 tile) and 1 fibre is routed back to the pin-photodiode of the CMB for the feedback 
readout.  
The CMB is controlled by a slow control CAN-bus protocol. The output light is adjustable both in 
amplitude and length (5~100ns). The trigger is provided externally. The CMB provides readout from 
temperature sensors from several places on the detector layer. The amplitude covers the whole range of 
light intensities, from single photons up to the SiPM saturation. 
2.1. Principle of operation 
CMB utilizes a IC from IXIS company (IXLD02). In principle this driver works as a H-bridge, where 
upper part is tightened to the supply voltage through a protective resistor. Bottom part of the H-bridge 
(two FETs) are very fast switches, which are closed in idle (Fig. 6b, start of the oscillogram) – no current 
passes the LED. Before the pulse, the LED is reverse biased (controlled by the “enable” signal at Fig. 6a). 
The pulse is generated by reversing both the “DRVpuls” and “invDRVpuls” signals (Fig. 6a). The LED is 
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biased in the forward direction (Fig. 6b bottom detail), forcing the LED to emit light. At the end of the 
pulse, the LED is reverse biased again. The reverse bias is an important step, because without discharging 
the LED tends to continue emitting light. The time of rising and falling edges of the pulse is about 1 ns.  
 
 
Fig. 6. (a) operation principle of the CMB LED driver; (b) oscillogram from the LED pins during a pulse; green: anode, violet: 
cathode; Bottom part is a zoom of the selected region from the upper part. Upper traces: 10 ns per div, bottom traces: 1 ns per div  
3. Integrated LED system 
The AHCAL engineering prototype includes embedded LED drivers with SMD LED on the HBU 
board. Every tile is illuminated by a LED from the components side through the hole in the PCB. This 
driver is developed by a DESY and University of Wuppertal. 
3.1. Principle of operation 
The driver itself is low-component-count and effective circuit, that discharges the capacitor (Fig. 7a), 
generating the light. However, the circuit itself is sensitive to a resistor value selection and the LED type. 
It was observed, that the blue LED and UV LED behave differently. The UV LEDs are generally 
producing fast pulses (~8 ns), while blue LEDs are hard to stop them from shining and they generate ~40 
ns pulses (Fig. 7c) with this LED driver. 
   
Fig. 7. (a) electronic circuit of the LED driver; (b) SPS comparison of external pulser and improved driver circuit; (c) time profile of 
the optical signal for blue LED, UV LED and UV LED with tile and wavelength-shifting fiber  
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With the help of the LED manufacturer, this behavior was explained by the difference between 
manufacturing technologies of these LEDs. The UV LEDs are generally single-quantum well LED with 
much lower internal capacitance, while blue LEDs are usually multi-quantum well LED (kind of 
sandwich of active areas), which has bigger internal capacitance. 
3.2. Quality of the Single Photon-electron Spectrum 
The driver circuits were optimized both for UV LEDs (generating ~ 8 ns pulse) and for blue LED 
(~15 ns pulses) and placed on the HBU prototype. The driver was finally tuned to deliver also high 
intensity light up to the saturation mode of the SiPM, delivering up to 17K effective pixels (on SiPM with 
796 pixels).  
Measurements of the Photon-electron Spectrum (SPS) with tiles showed, that the pulse length strongly 
affects the quality of the spectrum: the shorter the pulse, the clearer the SPS. Improved circuit shows 
comparable SPS performance to the external pulse driver. 
It was observed, that scintillator tile itself extends the tail of the optical pulse up to ~25 ns (Fig. 7c). 
 
4. QMB6 (6-channel Quasi-resonant LED driver Main Board) 
For the second option of the SiPM calibration, a dedicated LED calibration board [7] was developed at 
Institute of Physics in Prague. It consists of 6 Quasi-Resonant LED drivers. The board is controlled by the 
CANbus, or by a DIP switches in the Stand-alone mode (without CANbus).  
,  
 
Fig. 8. (a) driver circuit; (b) operation principle 
4.1. Operation of the Quasi-Resonant LED driver 
The LED driver works in principle similarly to the boost DC-DC converter (Fig. 8a). In the idle mode, 
the V2 voltage is higher than V1 and the LED is reverse biased. Before the pulse, the inductor 
(Fig. 8a: “L”) is switched to the ground, enabling the current to flow through the inductor and store 
energy. When the switching transistor is switched off, the circuit is left in the resonance configuration. 
The energy (current through “L”) is smoothly transferred to the capacitor (voltage on “C”), back and so 
on. The resonance is heavily dumped by the dump resistor (RD), therefore only the first overshoot on “C” 
is high enough to bias the LED directly. 
The first overshoot (sine wave) can be tens of volts, forcing the LED to pass through a current up to 
1 A. The negative part of the sine wave helps to reverse bias the LED in a very short time. The circuit is 
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tuned such that the following sine wave won’t overcome the direct-bias threshold and the LED is kept 
reverse biased. 
The driver uses embedded PCB toroidal inductors, which help to reduce the EMI (electromagnetic 
interference). 
4.2. Performance of the QMB6 
Peak LED optical power was measured as 0.4 nJ in a single pulse with Thorlabs powermeter PM100d 
with S130VC sensor and 3mm UV LED. The beam test at DESY [8] in 2010 showed that a single LED is 
able to saturate 12 tiles at once with signal equivalent to 200 MIPs. The pulse length is fixed at ~3.5 ns by 
the “L” and “C” components parameters. The test in 4 T magnetic field [9] showed almost negligible 
influence to the QMB6 operation (<1%) 
5. Optical fibre distribution 
The light is distributed to several tiles by a notched fibre. The notch (Fig. 9a) is a special cut (Fig. 9b, 
9c) of the fibre’s surface, which reflects light perpendicularly to the fibre path (Fig. 9d). Depth of notches 
varies from beginning to the end of the fibre to guarantee uniform light output from each notch. 
 
    
Fig. 9. (a) principle of the light emitted by the notch; (b) first notch, closest to the LED; (c) last notch, at the rear fibre end; (d) light 
spot from the notch emission. Spot is displayed on a 2cm distant paper 
Test of several fibers with different number of notches were performed. These fibers were hand-made 
prototypes. 72-notched fibres have been to manufactured with r20% homogeneity [6], 24-notched fibres 
with r15% homogeneity and 12-notched fibres with r10% homogeneity.  
6. Ongoing development 
A new version of the quasi-resonant driver is being developed. It has only 1 channel and is made on 
PCB 3 cm wide to fit the tile spacing. Pulse length is approx. 5ns to produce stronger optical pulse.  
The optical fibre development continues with building a semi-automatic machine for the notched fibre 
production. New optical coupling to the bunch of 3 optical fibres is being developed. The foreseen 
topology expects 3 fibres with 24 notches each (Fig. 10). Fibres will be routed on the component side of 
the HBU, where SMD components are not mounted. The light from the fibre will be guided to the tiles 
(sitting on the back side) through the 3 mm hole in the PCB of HBU. 
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Calibration is very important for calorimeters based on SiPM. Years of successful beam test of the 
AHCAL physics prototype show adequate performance of the CMB. Integrated LED drivers on the new 
engineering prototypes were optimized to deliver ~ 8 ns pulses with new UV LEDs. The QMB6 board 
was successfully tested with the HBU, proving that the notched fibre is capable of saturation of multiple 
SiPMs with a single LED and with a very short pulse (~3.5 ns).  
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